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BaatJfflSfWfaS! > WT, 2 0 ,, C8 0%RH4:2 0 , C3 
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Abstract of JP9059872 

PROBLEM TO BE SOLVED: To obtain a fiber which comprises a temperature-regulating and humidity- 
controlling highly hygroscopic fiber having controlled moisture absorbing and releasing rate, has 
regulating functions such as pH adjusting properties, flame retardance, antimicrobial properties, 
deodorizing properties, pilling resistance, antistatic properties, water retention, water sucking up 
properties, readily drying, etc., and also health/pleasantness/safety/sanitation/easy care. SOLUTION: 
This hygroscopic cross-linkable acrylic fiber has temperature- regulating and humidity-controlling 
function of 15-35wt.% saturated moisture absorption at 20 deg.C at 65% RH, 0.015-0.029 coefficient of 
moisture absorption rate K1 of the formula, W1 =We (1-e<k1t> ) [wherein W1 is moisture absorption 
ratio at time (t) from an absolute dry state; We is saturated moisture absorption ratio at 20 deg.C at 
65% RH; K1 is coefficient of moisture absorption rate, and (t) is 0-30 minutes] and 0.005-0.015 
coefficient of moisture releasing rate K2 of the formula, W2 =(Wa -Wb ) (1-e<-k2t> ) [W2 is moisture 
absorption ratio at time (t) form Wb ; Wa is saturated absorption ratio at 20 deg.C at 30% RH; Wb is 
saturated moisture absorption ratio at 20 deg.C at 80% RH; K2 is coefficient of moisture releasing rate, 
and (t) is 0-30 minutes]. 
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[Title of the Invention] 

MOISTURE-ABSORBING CROSS -LINKING ACRYLIC FIBER AND A FIBER 
STRUCTURE USING THE FIBER 

[Abstract] 

[Obj ects] To provide a temperature-adjusting and 
moisture-adjusting highly moisture-absorbing fiber where the 
speeds of absorption and desorption of moisture are controlled 
in which the fiber has adjusting functions such as pH buffering 
property, flame retarding property, antibacterial property, 
deodorizing property, anti-pilling property, antistatic 
property, water-retaining property, water-sucking property 
and easily drying property and is equipped with health, comfort, 
safety, hygiene and easy care properties. 

[Constitution] A moisture-absorbing cross-linking 
acrylic fiber, characterized in that, a saturated hygroscopic 
rate at 20°C and 65% RH is 15 to 35% by weight, a hygroscopic 
speed constant ki in the following rate equation is within a 
range of 0 . 015 to 0 . 029 and a moisture-desorbing speed constant 
k 2 thereof is within a range of 0.005 to 0.015. 
Wi = W e (1 - e~ klt ) 

Wi: moisture-absorbing rate within the time t from 
absolute drying 
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W e : saturated moisture-absorbing rate at 20°C and 65% RH 
ki: moisture-absorbing speed constant 
t : 0 to 30 minute (s) 
W 2 = (W a - W b ) (1 - e" k2t ) 

W 2 : moisture-absorbing rate at time t from W b 

W a : saturated moisture-absorbing rate at 20°C and 30% RH 

W b : saturated moisture-absorbing rate at 20°C and 80% RH 

k 2 : moisture-desorbing speed constant 

t: 0 to 30 minute (s) 
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[Claims] 

[Claim 1] A moisture-absorbing cross-linking acrylic 
fiber, characterized in that, a saturated hygroscopic rate at 
20°C and 65% RH is 15 to 35% by weight, a hygroscopic speed 
constant ki in the following rate equation is within a range 
of 0.015 to 0.029 and a moisture-desorbing speed constant k 2 
thereof is within a range of 0.005 to 0.015. 

Wi = W e (1 - e" klt ) 

Wi : moisture-absorbing rate within the time t from 
absolute drying 

W e : saturated moisture-absorbing rate at 20°C and 65% RH 
k]_: moisture-absorbing speed constant 
t : 0 to 30 minute (s) 
W 2 = (W a - W b ) (1 - e" k2t ) 

W 2 : moisture-absorbing rate at time t from W b 

W a : saturated moisture-absorbing rate at 20°C and 30% RH 

W b : saturated moisture-absorbing rate at 20°C and 80% RH 

k 2 : moisture-desorbing speed constant 

t: 0 to 30 minute (s) 

[Claim 2] The moisture-absorbing cross-linking acrylic 
fiber according to claim 1, wherein the fiber further has 
adjusting functions which are pH buffering property, flame 
retarding property, antibacterial property, deodorizing 
property, anti-pi 1 ling property, antistatic property, 
water-sucking property and easily drying property. 
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[Claim 3] The moisture-absorbing cross-linking acrylic 
fiber according to claim 1 or 2, wherein a cross-linking 
structure is introduced into an acrylic fiber by means of a 
hydrazine treatment so that an increase in the content of 
nitrogen is adjusted to a range of from 1.0 to 8.0% by weight, 
hydrolysis is carried out so that carboxyl group is introduced 
into 1.0 to 5.0 meq/g of the amount of residing nitrile group 
while amide group is introduced into residual portion and then 
50 to 90 mol% of the carboxyl group is made into a salt of one 
or more metal (s) selected from the group consisting of Mg, Ca, 
Cu, Zn, Al, Ag and Fe in which a hot-air temperature of the 
final thermal treatment conducted is 100 to 230°C. 

[Claim 4] A fiber structure which is characterized by 
containing not less than 10% by weight of the 
moisture-absorbing cross-linking acrylic fiber mentioned in 
any of claims 1 to 3 . 

[Detailed Description of the invention] 
[0001] 

[Technical Field of Invention] 

The present invention relates to a temperature-adjusting 
and moisture-adjusting highly moisture-absorbing fiber where 
the speeds of absorption and desorption of moisture are 
controlled in which the fiber has adjusting functions such as 
pH buffering property, flame retarding property, 
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antibacterial property, deodorizing property, anti-pilling 
property, antistatic property, water-retaining property, 
water-sucking property and easily drying property and is 
equipped with health, pleasance, safety, hygiene and easy care 
properties. Also, the invention relates to a fiber structure 
containing the fiber, and products using the fiber structure 
contributes to providing a comfortable living environment by 
the above mentioned functions. 

[0002] 
[Prior Art] 

There have been expected highly functional composite 
materials having all functions of health, comfort, safety and 
hygiene so as to be able to cope with the present days where 
living environments such as airtightness and air conditioning, 
aging society and living cultures are developing and increasing. 
Corresponding to the above, progresses in sciences for 
consumption of fiber products concerning human functions and 
comfort for wear are significant. Moisture is always 
evaporated from human body and sweating is resulted during hot 
time upon physical exercises and in putting on clothing or 
bedclothes with low air permeability and, as a result, moisture 
in clothing and bedclothes becomes high causing a sweating feel. 
On the other hand, when one puts on a clothing having poor 
moisture absorbing rate or a clothing having quick moisture 
absorbing and des orbing speeds even in case its moisture 
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absorbing rate is high, cooling feel or hot feel is apt to happen 
against changes in the environment such as coming into and going 
out from air-conditioned rooms. It has been also well known 
that, when the bedclothes as such are put on, one feels 
uncomfortable feeling such as poor temperature-keeping 
property or, even if the temperature-keeping property is 
available, cooling feel early in the morning. As to the 
moisture-absorbing fiber, there have been used natural fibers 
such as cotton and wool, regenerated fibers such as rayon and 
semi-synthetic fibers such as acetate fiber. On the other hand, 
in the case of synthetic fibers having poor moisture-absorbing 
property, fibers having fine hollows and grooves are recently 
available as a result of development of technology and devices 
have been carried out for overcoming the disadvantages in the 
conventional synthetic fibers (refer, for example, to Japanese 
Patent Laid-Open Nos. 57/051,812 and 03/161,506). However, 
although those fibers have excellent water-sucking speed and 
water-retaining property, their moisture-absorbing rate is 
poor whereby they do not well satisfy the function of adjusting 
the temperature and the humidity in the clothing. 

[0003] On the other hand, there has been a proposal for 
a moisture-absorbing and moisture-desorbing cross-linking 
acrylic fiber which takes moisture in the air and is able to 
be regenerated (Japanese Patent Laid-Open No. 05/132,585) 
where Examples therein shows that its saturated 
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moisture-absorbing rate at 20°C and 65% RH reaches as high as 
55% and quick moisture-absorbing and desorbing rate is 
emphasized as its characteristic. However, although this 
fiber is excellent in heat generation by adsorbed heat and in 
moisture-desorbing ability, its moisture-absorbing ability 
and moisture-desorbing ability are too high and, therefore, 
when it is used in clothing and in bedclothes contacting human 
body, a disadvantage where the moisture-keeping property of 
the skin surface is lost is predicted. 
[0004] 

[Problems that the Invention is to Solve] 

The present invention has been created in order to solve 
the problems in the conventional art as such and its object 
is to provide a moisture-absorbing cross-linking acrylic fiber 
having temperature -ad j us ting and moisture -ad jus ting 
functions which appropriately adjust the temperature and the 
humidity in the clothing. Further object of the present 
invention is to provide a moisture-absorbing cross-linking 
acrylic fiber equipped with health, comfort, safety, hygiene 
and easy care properties having harmonizing functions such as 
pH buffering property, flame retarding property, 
antibacterial property, deodorizing property, anti-pilling 
property, antistatic property, water-retaining property, 
water-sucking property and easily drying property and also to 
provide a fiber structure containing the fiber . 
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[0005] 

[Means for Solving the Problems] 

In order to achieve the above-mentioned objects, the 
present inventors have conducted intensive investigations and, 
as a result, they have accomplished the present invention. 
Thus, the present invention relates to a moisture-absorbing 
cross-linking acrylic fiber, characterized in that, a 
saturated hygroscopic rate at 20°C and 65% RH is 15 to 35% by 
weight, a hygroscopic speed constant ki in the following rate 
equation is within a range of 0.015 to 0.029 and a 
moisture-desorbing speed constant k 2 thereof is within a range 
of 0.005 to 0.015. 

Wi - W e (1 - e" klt ) 

Wi: moisture-absorbing rate within the time t from 
absolute drying 

W e : saturated moisture-absorbing rate at 20°C and 65% RH 
ki : moisture-absorbing speed constant 
t: 0 to 30 minute (s) 
W 2 = (W a - W b ) (1 - e" k2t ) 

W 2 : moisture-absorbing rate at time t f rom W b 

W a : saturated moisture-absorbing rate at 20°C and 30% RH 

W b : saturated moisture-absorbing rate at 20°C and 80% RH 

k 2 : moisture-desorbing speed constant 

t: 0 to 30 minute (s). 

[0006] In addition to the above temperature-adjusting 
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and moisture-adj us ting functions , the moisture -absorbing 
cross-linking acrylic fiber in accordance with the present 
invention also has harmonizing functions which are pH buffering 
property, flame retarding property, antibacterial property, 
deodorizing property, anti-pilling property, antistatic 
property, water-sucking property and easily drying property. 

[0007] The moisture-absorbing cross-linking acrylic 
fiber having the above various functions is able to be achieved 
by such a manner that a cross-linking structure is introduced 
into an acrylic fiber by means of a hydrazine treatment so that 
an increase in the content of nitrogen is adjusted to a range 
of from 1.0 to 8.0% by weight, hydrolysis is carried out so 
that carboxyl group is introduced into 1.0 to 5.0 meq/g of the 
amount of residing nitrile group while amide group is 
introduced into residual portion and then 50 to 90 mol% of the 
carboxyl group is made into a type of one or more metal (s) 
selected from the group consisting of Mg, Ca, Cu, Zn, Al, Ag 
and Fe in which a hot-air temperature of the final thermal 
treatment conducted is 100 to 230°C. The present invention 
further relates to a fiber structure containing not less than 
10% by weight of the above moisture-absorbing cross-linking 
acrylic fiber. 

[0008] The present invention will now be illustrated in 
detail as follows. The moisture-absorbing speed constant is 
determined by the following rate equation [I] proposed by Niwa 
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and Nosaka [Senshoshi, 5, 73 (1964)]. 
[I] W = W e (1 - e" kt ) 

W: moisture-absorbing amount at the time t 
W e : equilibrated moisture-absorbing amount 
k: moisture -absorbing speed constant 

According to the above paper, the moisture -absorbing 
speed constant k is large in the case of a synthetic fiber with 
low moisture-absorbing property and is 0 . 153 mm" 1 and 0.173 mm" 1 
in acrylic and polyester fibers, respectively while it is 0 . 032 
mm" 1 and 0. 078 mm" 1 in rayon and acetate, respectively. In the 
case of moisture-absorbing natural fiber such as cotton and 
wool, it is 0.043 mm" 1 and 0.040 mm" 1 , respectively and the 
moisture-absorbing speed constant calculated from the formula 
[I] by the present inventors is 0.12 mm" 1 for acrylic fiber, 
0.13 mm" 1 for polyester, 0.06 mm" 1 for cotton and 0.04 mm" 1 for 
wool and they are almost identical with the above data. The 
present inventors have found that the saturated 
moisture-absorbing rate of the fiber and moisture-absorbing 
and moisture-desorbing speeds thereof are related to 
temperature-adj us ting and moisture-adj us ting properties in 
clothing or bedclothes and are closely related to 
comfortableness in wearing and moisture-keeping property on 
the skin surface. Thus, in the case of highly 

moisture-absorbing fiber where the saturated 

moisture-absorbing rate at 20°C and 65% RH is 15 to 35% by weight 
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and the moisture-absorbing and moisture-desorbing speed 
constant is controlled to a specific range of less than that 
of cotton, it is possible to maintain comfortable clothing and 
environment in bedclothes being excellent in a 
moisture-adjusting property against the change in the 
temperature and the humidity in the environment. 

[0009] In the present invention, a saturated 
moisture-absorbing rate at 20°C and 65% RH is 15 to 35% by weight 
and the moisture-absorbing speed constant ki and the 
moisture-desorbing speed constant k 2 in the above-mentioned 
rate equation are within a range of from 0.015 to 0.029 and 
from 0.005 to 0.015, respectively whereby the aimed 
temperature-adjusting and moisture-adjusting properties are 
able to be achieved. As to a method for adjusting the saturated 
moisture-absorbing rate at 20°C and 65% RH to 15 to 35% by weight, 
a method where 50 to 90 mol% or, preferably, 60 to 85 mol% of 
the amount of carboxyl group is made into a form of a salt of 
one or more metal (s) selected from the group consisting of Mg, 
Ca, Cu, Zn, Al, Ag and Fe is able to be adopted. When the range 
is out of the above, the aimed moisture -absorbing level is 
unable to be achieved. On the other hand, although the fiber 
prepared by that method has a moisture-absorbing speed constant 
which is similar to that of the natural fiber, the object of 
the present inventors that the moisture-absorbing speed 
constant and the moisture-desorbing speed constant are to be 
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controlled within a range of from 0.015 to 0.029 and from 0 . 005 
to 0.015, respectively is able to be achieved when the hot-air 
temperature during the final treatment is made at 100 to 230°C 
or, preferably, 110 to 210°C. When the temperature in the final 
treatment is lower than the lower limit, tight structure of 
the fiber surface is not formed yet and the moisture-absorbing 
and desorbing speed constants become large. When it is higher 
than the upper limit, it is not preferred in view of coloration 
and lowering in the strength of the fiber . 

[0010] The present invention mainly comprises a 
cross-linking acrylic fiber where a cross-linking structure 
is introduced into an acrylic fiber by means of a hydrazine 
treatment so that an increase in the content of nitrogen is 
adjusted to a range of from 1.0 to 8.0% by weight or preferably 
from 3.0 to 8.0% by weight, hydrolysis is carried out so that 
carboxyl group is introduced into 1 . 0 to 5 . 0 meq/g or preferably 
2.5 to 5.0 meq/g of the amount of residing nitrile group while 
amide group is introduced into residual portion and then 50 
to 90 mol% or preferably 60 to 85 mol% of the carboxyl group 
is made into a salt of one or more metal (s) selected from the 
group consisting of Mg, Ca, Cu, Zn, Al, Ag and Fe . Accordingly, 
since the nitrile group is greatly changed as such, the fiber 
of the present invention is able to be said to be a cross-linking 
acrylic modified fiber. When an increase in the nitrogen 
amount in the fiber is less than the lower limit, although the 
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anti-pilling property is endowed, it is not possible to prepare 
the fiber having a property satisfying the processing property 
such as spinning and weaving while, when it is more than the 
upper limit, the aimed moisture-absorbing property, 
water-retaining property, water-sucking property and 
antistatic property are unable to be achieved- In the above, 
although metal salt is selected from the group consisting of 
Mg, Ca, Cu, Zn, Al, Ag and Fe, it is also possible to use other 
metal than the above so far as the balancing function of 
temperature adjustment and moisture adjustment of the present 
invention are not deteriorated. However, amount of such a 
metal is not more than 5 mol% in terms of a carboxyl group amount . 

[0011] With regard to a method where nitrile group which 
is not subjected to a hydrazine cross-linking by a hydrolyzing 
reaction but remains therein is substantially diminished and 
an amide group is introduced into 1-0 to 5.0 meq/g of carboxyl 
portion, there may exemplified a method where a heating 
treatment is conducted under the state in which a basic aqueous 
solution of alkali hydroxide, ammonia, etc. or an aqueous 
solution of mineral acid such as nitric acid, sulfuric acid 
or hydrochloric acid is impregnated or a material fiber is 
dipped in the aqueous solution. It is also possible to carry 
out a hydrolyzing reaction together with the above introduction 
of the cross-linking bond. When the carboxyl group does not 
satisfy the above-mentioned lower limit, a moisture-absorbing 
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rate becomes low while, when it is more than the upper limit, 
a moisture-absorbing rate becomes too high whereby it is unable 
to adjust the climate in the clothing or, particularly, a 
moisture-keeping property onto the skin surface- Further, 
although an anti-pilling property is able to be endowed, 
property of the fiber for achieving the processing ability such 
as spinning property and weaving property is unable to be 
achieved as well. 

[0012] As to a method of making a carboxyl group into 
a salt type, there may be advantageously used a method where 
the above-mentioned hydrolyzed fiber is dipped in an aqueous 
solution of various kinds of salt-type hydroxide or salt which 
will be exemplified below followed by washing with water and 
drying . With regard to the salt type of the carboxyl group 
hereinabove, it is necessary that 50 to 90 mol% is a salt type 
with one or more metal (s) selected from the group consisting 
of Mg, Ca, Cu, Zn, Al, Ag and Fe . When the range is lower than 
the above, a pH buffering property in an alkaline side is 
deficient and a cross-linking structure is insufficient 
whereby a deodorizing property to ammonia is lacking and the 
aimed adjusting function is unable to be achieved. On the other 
hand, when it is more than the above range, a pH buffering 
property in an acidic side is deficient, a drying speed becomes 
slow and easy care property lowers whereby the aimed adjusting 
function is unable to be achieved. 
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[0013] As such, it is now possible to provide an acrylic 
fiber having a saturated moisture-absorbing rate under 20°C 
and 65% RH and adjusting functions such as pH buffering property, 
flame retarding property, antibacterial property, deodorizing 
property, anti-pilling property, antistatic property, 
water-retaining property, water-sucking property and easily 
drying property as well as being equipped with health, comfort, 
safety, hygiene and easy care properties and also to provide 
a fiber product thereof. When there is further needed a 
necessity to enhance the tensile strength, it is recommended 
to choose a fiber having a high dichroic ratio as a starting 
acrylic fiber as will be mentioned later. 

[0014] As to an apparatus for the manufacture of the above 
moisture-absorbing cross-linking acrylic fiber, a means where 
an acrylic fiber is charged in a container equipped with a pump 
circulating system and then the above-mentioned reactions for 
the introduction of the cross-linking bond, hydrolysis and 
formation of metal salt are successively carried out is 
preferred in view of safety, uniform reactivity, etc. A 
representative example of an apparatus therefor (a container 
equipped with a pump circulating system) is an Obermeyer dyeing 
machine of a compression type. 

[0015] Further, in order to provide the aimed 
moisture -absorbing rate and temperature -ad j usting and 
moisture-adjusting functions as well as adjusting functions 
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such as pH buffering property, flame retarding property, 
antibacterial property, deodorizing property, anti-pilling 
property, antistatic property, water-retaining property, 
water-sucking property and easily drying property together 
with a property necessary for spinning and weaving processes, 
it is particularly preferred to adopt a starting acrylic fiber 
having the following characteristics . 

[0016] Thus, it is preferred to adopt an acrylic fiber 
where AN type polymer molecules forming the fiber are well 
oriented and a dichroic ratio by Congo Red (hereinafter, it 
will be referred to as CR) is not less than 0.4 or, more 
preferably, not less than 0.5. Incidentally, the CD dichroic 
ratio is determined by a method mentioned in Kobunshi Kagaku, 
23 (252) , 193 (1966) . 

[0017] There is no limitation for a means of 
manufacturing the acrylic fiber as such and known means may 
be used appropriately so far as the above CR dichroic ratio 
is fulfilled. However, when a means where the total extension 
rate is not less than 4 -fold or, preferably, not less than 
8-fold and the step reducing rate is not more than 40% or, 
preferably, not more than 30%, it is able to manufacture the 
desired acrylic fiber in an industrial scale . 

[0018] Further, when a fiber which is after elongation 
and before the heating treating (i.e. , a fiber where a starting 
spinning solution of an AN type polymer is spun according to 
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a conventional method whereby, although subjected to an 
elongation orientation, no heating treatment such as drying 
for making tight and releasing treatment with moist heat is 
not carried out yet or, particularly, a water-swollen gel-form 
fiber after a wet spinning or a dry/wet spinning and elongation 
in which degree of swelling with water is 30 to 150%) is used 
as the starting acrylic fiber, dispersing property of the fiber 
and penetrating property of the fiber into the reaction 
solution are improved whereby introduction of the 
cross-linking bond and hydrolyzing reaction are able to be 
carried out uniformly and quickly and, therefore, that is 
preferred. Incidentally, degree of swelling with water is 
percentage of the water content expressed on the basis of dry 
fiber weight. 

[0019] Examples of the form of the appearance of the fiber 
structure in accordance with the present invention are thread, 
yarn (including wrap yarn) , filament, knitted thing, woven 
thing, nonwoven fabric, paper-shaped product, sheet-shaped 
product, laminated product and cotton-like product (including 
that in spherical and block forms) and also a product having 
an outer coat thereon. Examples of the form how the 
moisture-absorbing acrylic fiber of the present invention is 
contained in the structure are that it is distributed 
substantially uniformly by means of mixing with other materials, 
that it is made to concentratedly exist in any of layers (which 
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may be singular or plural) in case of the structure having 
plural layers and that it is distributed in each of the layers 
in a specific ratio. 

[ 0 020 ] Accordingly , there are quite a lot of fiber 
structures of the present invention as a result of combinations 
of the above-exemplified appearance forms and contained forms. 
Since the fiber of the present invention has many functions 
as mentioned already, it is appropriately decided what kind 
of structure is to be adopted by taking the mode of use of the 
final product (such as modification depending upon seasons; 
for sports or for inner clothing, internal clothing or outer 
clothing; curtain or carpet; bedclothes; utilization as 
cushion or insole or for air conditioners; etc.) into 
consideration and also by taking the required function, the 
contribution of the fiber of the present invention in 
expressing such functions, etc. into consideration. 

[0021] Moreover, when the structure is observed 
carefully, there are many cases such as that the 
moisture-absorbing acrylic fiber of the present invention is 
merely used either solely or jointly in a mixed state with other 
material almost uniformly and that the fiber is layered or 
laminated with other material by means of sticking, adhesion, 
fusion, attaching, etc. to form a layered product having 2 to 
5 plural layers. There is also a case where, although layered, 
no positive adhesion is carried out but the layered state is 
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maintained using a support. 

[0022] Examples of the use of the final product utilizing 
the fiber structure of the present invention are, as mentioned 
above, that used by human by putting on, bedclothes such as 
mattress, pillow and cushion, interiors represented by curtain 
and carpet and others such as moisture adjustment and 
deodorization. In order to satisfy the demanded function 
depending upon the use as such, the optimum structure such as 
single layer, plural layers and application of outer coat 
thereon is selected. 

[0023] As mentioned already, the fiber structure of the 
present invention contains not less than 10% by weight of the 
moisture-absorbing acrylic fiber of the present invention. 
Therefore, other materials such as fiber, synthetic rubber, 
rubber, resin and plastic are jointly used in an amount of not 
more than 90% by weight of the total fiber but, when the 
structure comprises the moisture-absorbing acrylic fiber only 
or, in other words, 100% by weight thereof, other material is 
not used together. Amount of the moisture-absorbing acrylic 
fiber of the present invention used is usually from 10% by 
weight to less than 100% by weight or, preferably, from 10% 
by weight to 50% by weight in case a structure is prepared by 
means of spinning by mixing with other fiber. When the amount 
is less than 10% by weight, even the moisture-absorbing acrylic 
fiber of the present invention is unable to achieve a sufficient 
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level of functions. The amount of the moisture-absorbing 
acrylic fiber of the present invention varies depending upon 
the use and, in the case of underwear or the like, it is 10 
to 80% by weight or, preferably 10 to 70% by weight while, in 
the case of diaper or the like, it is at least 10% by weight 
or, preferably, not less than 20% by weight. With regard to 
a mode for the use, it is preferred to spin with other fiber 
to make into a spun yarn and to use as a fiber structure in 
a form of woven or knitted thing in the case of underwear. In 
the case of absorbing product such as diaper or sanitary goods 
or in the case of sportswear or the like, the moisture-absorbing 
acrylic fiber of the present invention is used either solely 
or together with other fiber to make into a web sheet followed 
by layering the sheet with other fiber sheet or woven/knitted 
thing. In order to actively utilize the characteristic of the 
moisture-absorbing acrylic fiber of the present invention, it 
is recommended to use a structure where the sheet of the present 
invention is applied to the side contacting the skin. 

[0024] The reason why other material is used together 
as such is that it is useful for further enhancing the functions 
of the structure . Thus , although the moisture-absorbing 
acrylic fiber of the present invention has many functions as 
mentioned already, it is now possible to enhance the so-called 
f ashionability such as that further high functions are endowed, 
preferred texture is endowed or fresh dyeing is available when 
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being made into a structure where other material is used 
together. An effect of improving the processing ability such 
as for mixed spinning is also able to be expected. 

[0025] There is no particular limitation for other fiber 
which is able to be used together in the fiber structure of 
the present invention but publicly known ones such as natural 
fiber, organic fiber, semi-synthetic fiber and synthetic fiber 
may be used and, in some uses, inorganic fiber, glass fiber, 
etc. are also able to be adopted. In addition, the material 
which is able to be used together is not limited to fiber but, 
as mentioned already, it is also possible to adopt plastic, 
rubber, etc. for laminating to a film or for embedding into 
a film. Examples of the particularly preferred other fiber 
are natural fiber such as wool and cotton and synthetic fiber 
such as polyester, polyamide and polyacrylate as well as rayon 
and polynosic fiber. 

When the moisture-absorbing cross-linking acrylic fiber 
of the present invention is used as a nonwoven fabric which 
is one of the frequently adopted structures, it is able to be 
used by making into a short fiber followed by appropriately 
mixing with cellulose fiber, pulp, synthetic fiber, etc. In 
such a use where a dimensional stability is particularly 
demanded, a nonwoven fabric comprising the fiber of the present 
invention and a thermally adhering fiber (preferably in a 
mixing ratio of 10 to 80% by weight) is recommended. With 
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regard to the thermally adhering fiber, anything may be used 
so far as it has a thermal adhering property and its examples 
are fibers comprising low- and high-melting components such 
as polyethylene-polypropylene, polyethylene-polyester and 
polyester-polyester. The nonwoven fabric using the fiber of 
the present invention is friendly to the skin in contacting 
the human body and is suitable for such a use where a 
water-absorbing property is to be achieved. For example, it 
is useful in a use as a diaper and is able to be used not only 
as a top sheet of nonwoven fabric of a diaper but also as a 
back sheet or even a diaper cover whereby the using amount of 
a highly water-absorbing polymer is able to be reduced. Since 
the fiber of the present invention is highly water-absorbing 
and also has an antibacterial property, the structure as such 
using the fiber has such advantages that it does not cause 
sweatiness, rush, etc. even when used for a long period of time. 

[0026] 
[Actions] 

The reason why the moisture-absorbing acrylic fiber in 
accordance with the present invention has 

temperature-adjusting and moisture-adjusting functions 
together with various kinds of adjusting functions will be 
presumed mostly to be as follows. 

[0027] Thus, although the fiber of the present invention 
starts from an AN type polymer, nitrile group substantially 
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disappears and, therefore, it is likely that the side chain 
bonding to the polymer chain is a salt-type carboxyl group 
produced by the hydrolyzing reaction of nitrile group with a 
cross-linking structure containing nitrogen produced by the 
reaction with hydrazine. 

[0028] It has been known already that, usually, a base 
of the salt-type carboxyl group has a moisture-absorbing 
property and that, upon absorption of moisture, there are 
resulted hydrogen bond, heat of dissolution and heat generation 
participating in van der Waals force (adsorption heat) . It 
is presumed that, at that time, as a result of the balance among 
univalent metal salt, di- and higher valent metal salt and 
carboxylic acid which is not a salt type, the aimed hygroscopic 
rate is designed and, further, a moisture-adsorbing and 
desorbing curve has more hysteresis as compared with the case 
of common moisture-absorbing fiber such as cotton, wool and 
rayon (refer to Fig. 6) . On the other hand, when hot-air 
temperature in the final thermal treatment is raised and 
tightness of the fiber surface is enhanced, a synergism with 
the above hysteresis is generated whereby the 
moisture-absorbing speed constant in the initial stage is 
controlled to be low. It is likely that they result in the 
temperature-adjusting and moisture-adjusting functions. 

[0029] The reason why the carboxyl groups in the specific 
ratio between a metal salt type and H type show a buffering 
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property to a weak acidity is that weakly basic metal salt and 
weak acid are appropriately existing together. In addition, 
the flame retarding property is presumed to be due to a 
cross-linking structure, acrylamide and metal salt while the 
antibacterial property is presumed to be resulted by the 
cross-linking structure. The antistatic property results in 
an effect that the moisture in the fiber leaks the generated 
static electricity and it is likely that the anti-pilling 
property is due to a low strength while the high 
moisture-absorbing property is due to a cross-linking 
structure and a salt-type carboxyl group. Further, the reason 
why spinning and knitting/weaving properties are maintained 
in spite of low strength will be greatly due to the orientation 
structure noted in the CD dichroic ratio and to intramolecular 
and intermolecular ionic cross-linking by the polyvalent 
metal . 

[0030] 
[Examples] 

The present invention will now be more specifically 
illustrated as hereunder although the present invention is not 
limited thereto. The terms part (s) and percentage used in the 
Examples are those on the basis of weight unless otherwise 
mentioned. 

[0031] Incidentally, pH buffering ability (jueq/g) , 
amount of total carboxyl group, amount of metal salt carboxyl 
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group, amount of H-type carboxyl group (meq/g) , LOI (limiting 
oxygen index) , moisture-absorbing rate, antibacterial 
property (difference between increased and decreased amounts) , 
anti-pilling property (ICI grade) , antistatic property 
(half-life time) , water-sucking property (sucked-up amount) , 
drying time, water-retaining rate, deodorizing property, 
moisture-absorbing speed constant, moisture-desorbing speed 
constant and regenerated amount of heat were measured by the 
following methods . 

[0032] (1) pH buffering ability (jueq/g) 

Well-dried fiber to be tested (0.4 g) was precisely 
weighed (X gram), 200 ml of water was added thereto, a 0 . IN 
aqueous solution of hydrochloric acid or a 0 - IN aqueous 
solution of sodium hydroxide was dropped thereinto, amount (Y 
cc) of the aqueous hydrochloric acid solution or the aqueous 
sodium hydroxide solution which was consumed until the pH 
reached 5.0 (in the case of the hydrochloric acid solution) 
or 7.0 (in the case of the sodium hydroxide solution) was 
measured and the buffering ability to an acid or to an alkali 
was calculated from the following formula. 

pH buffering ability (jimq/g) = 1000 Y / X 
[0033] (2) Total amount of carboxyl group (meq/g) 
Well-dried fiber to be tested (about 1 g) was precisely 
weighed (X gram(s)), 200 ml of a IN aqueous solution of 
hydrochloric acid was added thereto and the mixture was allowed 
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to stand for 30 minutes and filtered through a glass filter 
followed by washing with water. Such a treatment with 
hydrochloric acid was repeated for three times and the filtrate 
was well washed with water until the pH of the filtrate became 
not lower than 5. After that, the sample was placed in 200 
ml of water, pH was adjusted to 2 by addition of a IN aqueous 
solution of hydrochloric acid and a titration curve was 
prepared by a conventional manner using a 0.1N aqueous solution 
of sodium hydroxide. Consumed amount (Y cc) of the sodium 
hydroxide solution was determined from the titration curve and 
the total amount of the carboxyl group was calculated using 
the following formula . 

Total carboxyl group amount (meq/g) = 0.1 Y / X 
[0034] (3) Amount of carboxyl group of a metal salt type 
(meq/g) 

Well dried fiber to be tested was precisely weighed, 
subjected to an acid decomposition using a mixed solution of 
concentrated sulfuric acid and concentrated nitric acid 
according to the conventional method and the metal was 
quantified by means of an atomic absorption spectrophotometry 
by the conventional method, calculated as an amount of carboxyl 
group to which metal is bonded and expressed in terms of molar 
percentage to the total carboxyl group. 

[0035] (4) Amount of H-type carboxyl group (meq/g) 
Amount of H-type carboxyl group was calculated by the 
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following formula . 

Amount of H-type carboxyl group = (Amount of total 
carboxyl group) - (Amount of metal salt carboxyl group) 

[0036] (5) LOI 

This was carried out according to a measuring method for 
the LOI stipulated in J IS 7201. 

[0037] (6) Moisture-absorbing rate (%) 

The fiber to be tested (about 5.0 g) was dried at 105°C 
for 16 hours using a hot-air drier to measure the dried weight 
(Wl grams) . It was then placed for 24 hours in a 
constant-temperature and constant-moisture device adjusted at 
20°C temperature and 65% relative humidity. Weight (W2 grams) 
of the moistened sample as such was measured. From the above 
results, a moisture-absorbing rate was calculated by the 
following formula . 

Moisture-absorbing rate (%) = [ (W2 - Wl) / Wl] x 100 
[0038] (7) Antibacterial property 

Microbe strain used for the test: Staphylococcus aureus 
IFO 12732 

Test method: A suspension of the microbe to be tested 
in bouillon was added to a sterilized cloth in accordance with 
a method stipulated by the SEK (Association for Hygienic 
Processing of Fiber Products), living cell numbers after 
incubation in a tightly-closed container at 37°C for 18 hours 
were counted and the difference between the cell numbers (B) 
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in the cloth and the cell numbers (C) in the sample to the 

inoculated cell numbers (A) was calculated. 

Increasing/Decreasing Value = log C - log A 
Difference in Increasing/Decreasing Value = (log B - log 

A) - (log C - log A) 

[0039] (8) Anti-pilling property 

This was carried out in accordance with a method using 
an ICI type tester in a method A of a pilling test method for 
woven and knitted things stipulated in JIS L 1076. 

[0040] (9) Antistatic property 

This was carried out in accordance with a method for 
antistatic test for woven and knitted things stipulated in JIS 
L 1094. 

[0041] (10) Water-absorbing property 

Sucked-up length (cm) after 30 minutes from the 
initiation of the measurement was determined in accordance with 
a method B (Bylec method) for water absorbing speed in a test 
method for knitted goods stipulated in JIS L 1018. 

[0042] (11) Drying time 

A woven cloth sample (10 x 10 cm) was dipped for 1 hour 
in pure water and dehydrated for 2 minutes using a centrifugal 
dehydrating machine (manufactured by Kubota) at the revolution 
of 300 g. The water-containing sample prepared as such was 
placed in a Tensilon (type UTM-II-20) set in an atmosphere of 
20°C and 65% RH, changes in weight of the sample and time were 
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measured and drying time was determined by means of touched 
feel. 

[0043] (12) Water-retaining rate (%) 

The fiber sample (5 g) was dipped in pure water, allowed 

to stand at 30 ± 5°C for 3 hours and dehydrated using a 
centrifugal dehydrating machine (manufactured by Kubota) for 
3 minutes at the revolution of 1,000 G . Weight (W 3 grams ) 
of the dehydrated sample as such was measured. After that, 
the sample was dried in a hot-air drying machine of 90°C until 
it was absolutely dried, the weight (W4 grams) of the resulting 
sample was determined and a water-retaining rate (%) was 
calculated by the following formula. 

Water-retaining rate (%) - [ (W3 - W4 ) / W4] x 100 
[0044] (13) Deodorizing property for ammonia 

A sample fiber (2 g) was placed in a Tedler bag and tightly 
sealed and 3 liters of air was introduced thereinto. After 
that, 4 00 ppm of ammonia (W5) was placed into the bag and allowed 
to stand at room temperature for 120 minutes and the 
concentration of ammonia (W6) in the bag was measured using 
Kitagawa' s detector tube . In the meanwhile, 4 00 ppm of ammonia 
was placed in a Tedler bag in which no sample was placed, the 
concentration of ammonia (W7) was measured after 120 hours and 
the result was used as a blank test. From the above results, 
the deodorizing property for ammonia was calculated by the 
following formula . 
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Deodorizing property for ammonia (%) = [ (W5 - W6) / W7] 

x 100 

[ 00 45 ] ( 14 ) Moisture-absorbing speed constant ( ki) 
Knitted material of 5 x 20 cm was absolutely dried using 

a hot-air drier at 105°C and cooled down to 20°C in a desiccator. 

Then the material was placed in a constant-temperature and 

constant-humidity device controlled at 20°C and 65% RH 
(manufactured by Tabai; type LHL-112-T) and a 
moisture-absorbing rate (Wi) during 120 hours was continuously 
measured. The knitted material was placed for 24 hours more 
in the constant-temperature and constant-humidity device and 
the saturated moisture-absorbing rate (W e ) was measured. A 
moisture-absorbing speed constant (ki) was calculated from the 
following rate equation. 
Wi - W e (1 - e" klt ) 

Wi: moisture-absorbing speed within the time t from the 
absolute drying 

W e : saturated moisture-absorbing rate at 2 0°C and 65% RH 
ki : moisture-absorbing speed constant 
t: 0 to 30 minute (s) 

[004 6] (15) Moisture-des orbing speed constant (k 2 ) 

A knitted material of 5 x 20 cm was placed for 24 hours 
in a constant-temperature and constant-humidity device 
controlled at 20°C and 80% RH and the saturated 
moisture-absorbing rate (W b ) at that temperature and humidity 
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was measured. The knitted material was placed , in a 
constant-temperature and constant-humidity device controlled 
at 20°C and 30% RH and the moisture-absorbing rate during 
storage for 120 minutes was (W 2 ) measured. The knitted 
material was further placed in a constant-temperature and 
constant-humidity device controlled at 20°C and 30% RH for 24 
hours and the saturated moisture-absorbing rate (W a ) at 20°C 
and 30% RH was measured. The moisture-desorbing speed 
constant (k 2 ) in the following rate equation was calculated. 
W 2 = (W a - W b ) (1 - e" k2t ) 

W 2 : moisture-absorbing rate at time t from W b 

W a : saturated moisture-absorbing rate at 20°C and 30% RH 

W b : saturated moisture-absorbing rate at 20°C and 80% RH 

k 2 : moisture-desorbing speed constant 

t: 0 to 30 minute (s) 

[0047] (16) Regenerated amount of heat (°C-hr) 
A sample fiber (2.5 g) subjected to carding and absolute 
drying was filled in a bag made of polyester cloth of 4.5 cm 
diameter and 6.0 cm length and a temperature detector was 
inserted into its center. The sample was hung in a 
constant-temperature and constant-humidity device controlled 
at 20°C and 90% RH and the temperature in the cloth was 
continuously recorded automatically. An increased 

temperature to an environment temperature for 0 to 1 hour was 
integrated and was defined as a regenerated amount of heat 
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(°C-hr) . 

[0048] Example 1 

An acrylonitrile polymer comprising 90% of acrylonitrile 
and 10% of methyl acrylate was dissolved in a 48% aqueous 
solution of sodium rhodanate and the resulting original 
solution for spinning was subjected to spinning, washing with 
water, extending, crimping and heating by conventional means 
to give a material fiber of 0.8 denier x 70 mm. To 1 kg of 
this material fiber was added 5 kg of 30% by weight hydrazine 
hydrate followed by subjecting to a cross-linking treatment 
at 98°C for 3 hours . An increasing amount of nitrogen was 5.0%. 
The cross-linking fiber was washed with water, 5 kg of 3% by 
weight of sodium hydroxide was further added thereto and 

hydrolysis was conducted at 90°C for 2 hours. After that, a 
treatment with IN aqueous solution of HN0 3 was carried out to 
convert a carboxyl group to an H-type followed by washing with 
water, pH was adjusted to 6.5 with IN NaOH, 50 g of calcium 
chloride was added thereto and a metal-salt treatment was 
carried out at 60°C for 2 hours . After well washing with water, 
there were carried out dehydration, treatment with oil and 
thermal treatment as shown in Table 1 to give a cross-linking 
acrylic fiber. Carboxyl group in the fiber and Ca-type 
carboxyl group in the total carboxyl group were 4.3 meq/g and 
80 mol%, respectively. 

[0049] Characteristics of the resulting fiber are shown 
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in Table 1. Moisture-absorbing rates of the fibers Nos. 1 to 
3 of the present invention are 25 to 28% and are as high as 
about 3. 5- fold of cotton . Moisture-absorbing speed curves 
under the atmosphere of 20°C and 65% RH and moisture-desorbing 
speed curves are shown in Fig . 1 and Fig . 2 , respectively. 
Moisture-absorbing speed constant ki and moisture-desorbing 
speed constant k 2 determined from those curves during the 
initial 0 to 30 minute (s) are shown in Table 1 and there is 
clearly shown a tendency that, when temperature at the final 
thermal treatment is raised, ki and k 2 lower. On the other hand, 
adsorption heat generating and heat releasing curves of the 
temperature in the fiber at 2 0°C and 65% RH are shown in Fig. 
3. As will be apparent from Fig. 3, all fibers generate the 
heat by endothermy as a result of moisture absorption and, since 
a fiber having big ki quickly finishes the adsorption heat 
generating reaction, its cooling time down to the atmospheric 
temperature is short while, in the fiber of the present 
invention, since adsorption heat generation endures as a result 
of the effect of small ki, a cooling speed as a result of heat 
release is slow. Thus, the temperature in the fiber after 60 
minutes is higher to an extent of about +4°C or about +3°C for 
cotton or wool, respectively and, in addition, the amount of 
regenerated heat during 0 to 60 minute (s) which is a yardstick 
for a temperature-retaining property is not less than 2-fold 
of cotton and not less than 1.5-fold of wool. From those 
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results, it is proved that the saturated moisture-absorbing 
rate and ki greatly affect the heat generating amount and heat 
regenerating amount. Moreover, the water-retaining rate of 
the fiber of the present invention shows a level of as high 
as cotton. On the other hand, the LOI value which is a yardstick 
for a flame retarding property is as high as 29 to 30 and, even 
when ignited with a match, no burning happens at all. Further, 
a deodorizing rate for ammonia is as high as not lower than 
95% and it is found to have a high deodorizing function to 
ammonia . 

[0050] 

[Table 1] 
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[0051] Example 2 

The fiber No. 3 (1.8 d x 48 mm) prepared in Example 1 of 
the present invention was subjected to mixed spinning, carding, 
drawing and raw spinning by a conventional means with an acrylic 
fiber (Exlan; 1 . 5 d x 51 mm) and a combed cotton together with 
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changing their mixed spinning ratio whereupon a yarn of 1/52 
m count and twisted numbers of 830 T/M was prepared. As 
comparative examples, yarns were similarly prepared from 
acrylic fiber, cut wool, combed cotton and polyester fiber 
(Toyobo; 1 . 5 d x 51 mm) . After that, the yarns were treated with 
a smooth knitting machine of 20 gauges to prepare a knitted 
thing of basis weight of 200 ± 20 g/m 2 . After that, the knitted 
thing was scoured using a rotary bag dyeing machine, dried and 
made into knitted material samples A to F using a Hofmann 
setting machine. Details and characteristic values of the 
knitted material samples A to F are shown in Table 2. The 
knitted material A-l using 100% of the fiber of the Example 
of the present invention reproduced antibacterial property, 
deodorizing property, LOl value, moisture-absorbing rate and 
pH buffering property in the same level as those of the original 
cotton fiber measured in Table 1. The anti-pilling property 
was in class 5 and no fuzzy ball was generated at all. The 
antistatic property was in the same level as in cotton where 
the half-life was one second. Water-sucking length was about 
1.2-fold of that of cotton. Water-retaining rate was in the 
same level as that of cotton and, in spite of the fact that 
the moisture-absorbing rate was as big as about 3.5-fold of 
that of cotton, drying time by means of the feel by touching 
was as quick as not less than 3-fold of that of cotton and it 
was found to have an easy care property that hydrophilic 
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property is available, drying is quick and moistened feel is 
not little. On the other hand, in the case of a mixed-spun 
product of the fiber of the present invention example with 
acrylic fiber or cotton, although the lowering in LOI value 
is big to a mixed spun rate and a flame retarding effect is 
small, the same or even better results as the converted value 
for mixed spinning are achieved for other properties, i.e., 
antibacterial property, deodorizing property, anti-pilling 
property, antistatic property, pH buffering property and 
drying speed. The particularly good effect achieved is a 
synergism that the water sucking speed is quicker when an 
acrylic fiber is mixed and it suggests the possibility that 
capillary speed is accelerated and an effect by mixed spinning 
is high when not only an acrylic fiber but also a hydrophobic 
fiber such as polyester fiber is mixed followed by spinning. 
As such, the fiber of the present invention was proved to be 
able to provide multi-functional and epoch-making products in 
knitted thing for clothing represented by underwear, sweater, 
lingerie, brassiere, sweat suits, sports clothes, sweat shirt, 
leotard, gloves, socks, supporters, tights and pajama. 

[0052] 

[Table 2] 



36 



Knitted thmg. 




tneasA*** 
eaft aasibess 


Haw* 
Divert? 


pwitr to 
&} 


AritrpiMiRg 


Atfttetts 






WfttcrsatcMna 
(mm) 








K*atfcjsle A-l of 


prase ut inv^ay^a^ K© 


2 8 


93 


f> 


1 


27 


i«ao 


#20 


J 4 5 




&HUBpJe A-2 it 
stive nito.tt 




8. 9 


t I 


&y 


4 




t & 


tSBd 




170 


&s 




ftf£f&33$ if '^fS^l^ft ^ lit?- 25 


4, 7 


20 


S3 










300 






Kxaftj|^6 fr of tfe 

pseseret. iis vt> s ji<m 


E**es|fi^ Ho. 8 <if t?W 

aw 


3. $ 


1* 


g 7 


s 


t 


LB 




HQ 


ISO 


120 


Cemparalivo 




a, 4 


~ 17 " 




4 


* ! 


' f 


£ 00 


0 


1 20 


240 


ItaftVis D 


Vfml 2 JflQ 




Ti 




i 










E 


?0 


ExftMpfefi 




1, D 


it 




l 


1 ; 


* 




0 




4« 


Tfliaparsiive 




0x 9 


% i 




t 


t 3«< 




$00 


0 


j: 


40 



Cute • iimb&ivim 



[0053] Example 3 

In order to more practically confirm the 
temperature-adjusting and moisture-adjusting effects of the 
knitted thing prepared in Example 2, each of three kinds of 
products which are the knitted thing of the example of the 
present invention and cotton (C) and acrylic (E) as knitted 
things for comparative example in a size of 10 cm x 10 cm was 
folded into two followed by being inserted with a sensor for 
temperature and humidity (THP-23 manufactured by Shin-ei K. 
K. ) in the central part thereof, connected to a data stocker 
(TRH-DM3 manufactured by Shin-ei K. K. ) , placed in a 
constant-temperature and constant-humidity device (type 
LHL-1122T manufactured by Tabai Seisakusho) and continuously 
treated at the temperature and humidity of 20°C/80% RH and 
20°C/30% RH with an interval of 60 minutes whereupon the 
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temperature and humidity in the woven cloth at that time were 
recorded. Changes in the humidity are shown in Fig. 4 while 
changes in the temperature are shown in Fig. 5. In an acrylic 
knitted thing where moisture-absorbing rate is low and 
moisture-absorbing and desorbing constants ki and k 2 are big, 
humidity changes almost proportional to the changes in the 
environment whereby no moisture-adjusting function is 
available at all. On the other hand, in the case of cotton 
which is a moisture-absorbing natural fiber, there is a 
tendency that the humidity in the fiber somewhat delays against 
the changes in the environment due to its moisture-absorbing 
and desorbing functions. On the contrary, in the fiber knitted 
thing of the example of the present invention, it was confirmed 
that changes in the humidity in the fiber against changes in 
the environment is small and a comfortable humidity of from 
about 50% RH to about 70% RH was maintained due to its 
characteristic that the moisture-absorbing rate is high and 
that the moisture-absorbing and desorbing constants ki and k 2 
are low. With regard to the temperature in the fiber, there 
was almost no change at the environment temperature of 20°C 
in the case of an acrylic knitted thing while, in the case of 
cotton knitted thing, temperature rise of moisture-absorbing 
heat generation of 2 to 3°C was noted under high humidity while, 
when temperature lowered from high to low, heat of evaporation 
was taken away due to moisture de sorption whereupon the 
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temperature lowered down to the environmental temperature of 
20°C and that was identical with the phenomenon that cooling 
feel is noted upon putting on. Against the above, in the fiber 
of the example of the present invention, it was confirmed that 
the moisture-absorbing ability is high and the 
moisture-absorbing and moisture-desorbing speed constants ki 
and k 2 are small whereby the moisture-absorbing heat generating 
temperature is high and the retaining time at that temperature 
is also long and there are characteristics that the 
temperature-retaining property and the temperature-adjusting 
property are excellent . 
[0054] Example 4 

A mixed spun yarn A-3 comprising 30% of the fiber No. 
3 of the example of the present invention prepared in Example 
2 and 70% of acrylic and a yarn of 1/36 meter count of 100% 
acrylic yarn E were used to prepare each five Newmeyer blankets 
of 1.65 ± 0.05 kg/sheet having basis weight pile length of 6 
mm where both sides were napped. Each one blanket thereof was 
subjected to a destructive test while other four were provided 
to four panelists for a practically using test asking them to 
fill in the questionnaires. Results of the test are shown in 
Tables 3 and 4. The practically using test was carried out 
in winter between mid-January and late February and there was 
no restriction for the quilt and the sleeping mat therefor. 
The flame retarding property as shown in Table 3 was measured 
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after five washing treatments according to a method 103 of JIS 
L 0217 by a 45° methenamine test and a 45° tobacco test which 
are standards for the ability test for flame-retarding products . 
In the blanket using the knitted thing of A- 3 of the present 
invention, the frictional electrification voltage which was 
not measured in the knitted thing of Example 3 was 3.0 KV and 
the half-life was lower than the knitted thing whereby a 
practical antistatic effect was confirmed- On the other hand, 
with regard to the effect of mixed spun yarn to the flame 
retarding property which was less effective in LOI of the 
knitted thing, the flame retarding effect of the blanket using 
the knitted thing of A-3 passed both of the 45° methenamine 
method and the 45° tobacco test. This is presumably due to a 
flame-retarding effect because of the fact that the condition 
is less severe as compared with a vertical method as in the 
case of knitted thing and that the present fiber does not show 
a behavior of fusion and burning as in the case of common 
synthetic fiber but is apt to be carbonized. With regard to 
the antibacterial property and the deodorizing property, 
nearly the same effect as in the knitted thing of Example 3 
was available. In Table 4, nearly the common result of 
questionnaires is shown by the four panelists and the blanket 
using the knitted thing of A-3 of the present invention was 
confirmed to have a quickly warming property as compared with 
the blanket comprising 100% of acrylic which is usually used 
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in winter. Time from going into a bed until falling asleep 
is within about one hour for human and a quickly warming 
property is able to be expected as an effect of promoting a 
good sleep. With regard to other opinions, it was reported 
that no cooling feel was noted on the toes early in the morning. 
Since there is much perspiration on the toe, it is predicted 
that acrylic fiber having low moisture-absorbing property and 
quick moisture-absorbing and desorbing speed gives a cooling 
feel due to heat of evaporation caused by evaporation of 
moisture whereby that above result is well noticed as another 
characteristic of the fiber of the present invention. On the 
other hand, with regard to the opinion that the blanket using 
the fiber of the present invention showed a refreshing feel, 
it is presumed to be related to the moisture-adjusting effect 
of the knitted thing of Example 3 against the changes in 
temperature and experiments for practical use of blankets for 
spring and summer seasons will be quite interesting as well. 
Incidentally, for the sake of the reference, results of 
measurement of changes in temperature and humidity in the 
blankets of A-3 with lapse of time are shown in Fig. 7(a) and 
Fig. 7(b). As such, the fiber of the present invention was 
proved to be possible in preparing epoch-making commercial 
products having multiple functions in merchandizes for house 
decorations and bed goods mainly in pile products such as 
blankets, sheets, bedclothes and carpets. 
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[0055] 
[Table 3] 
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[0056] 
[Table 4] 
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[0057] Example 5 

30% Of the fiber No. 3 of the present invention (1.8 d 
x 48 mm) prepared in Example 1 and 70% of acrylic fiber (Exlan 
K8, 1 . 5 d x 51 mm) were uniformly spun by mixing whereupon a 
1/52 m count (twisted numbers: 700 T/M) was spun. Warps which 
were prepared by dyeing the above yarn using a package dyeing 
machine followed by pasting and warping using a paste mainly 
comprising PVA and woofs which were prepared by dyeing using 
a package dyeing machine without pasting were woven into a 
plainly woven tissue of warp density of 90 warps per inch and 
woof density of 70 woofs per inch using a high-speed weaving 
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machine, depasted and scoured and 0.3% by weight of a texture 
adjusting agent (such as an anionic softener) was adhered to 
the woven fabric followed by heating for 1 minute using a 
hot-air drier of hot-air temperature of 150°C to prepare a woven 
fabric sample with a basis weight of 120 g/m 2 which is a fiber 
structure of the present invention. 

[0058] When the properties of the woven fabric samples 
prepared as such were evaluated, it was found that 
moisture-absorbing property, pH buffering property, 
anti-pilling property, antistatic property, deodorizing 
property to ammonia, antibacterial property and 
water-absorbing drying property were in the same degree of 
abilities as those of the knitted thing sample A- 3 of Table 
2. Such a woven fabric is well adaptable in the use for shirts. 
When design of the woven fabric is modified, the fabric is also 
able to be applied to clothing such as suits, trunks, scarves, 
mufflers and handkerchiefs and bedclothes such as sheets and 
ticking. A fiber structure by combining (by means of mixed 
spinning, mixed twisting or mixed weaving) with other materials 
is also suggested from the usefulness containing the fiber No. 
3 of the example of the present invention . 

[0059] Example 6 

50% By weight of fiber No. 3 of the example of the present 
invention prepared in Example 1 (1.8 d x 48 mm), 20% by weight 
of a thermally fused polyester fiber (2 d x 51 mm) and 30% by 
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weight of an acrylic fiber (Exlan K8, 1 . 5 d x 51 mm) were used 
for subjecting to a preliminary opening in a mixing machine 
and made into a needle punch cloth of 3 mm thickness and 600 
g/m 2 basis weight using an apparatus where a raw cotton 
supplying lattice, a flat card, a card web laminating device 
and a needling device. After that, the resulting cloth was 
subjected to a thermal treatment for 60 seconds at 160°C and 
then passed through two calendar rollers set at 160°C at the 
rate of 10 m per minute to prepare a nonwoven fabric (A) of 
2.5 mm thickness which is a fiber structure of the present 
invention. 

[0060] Similarly was prepared a nonwoven fabric (C) of 
2.5 mm thickness of comparative example using 80% by weight 
of acrylic fiber (Exlan K8; 1 . 5 d x 51 mm) and 20% by weight 
of a thermally fused polyester fiber (2 d x 51 ram) . A card web 
having a basis weight of 1/2 for the nonwoven fabric (A) and 
a card web having a basis weight of 1/2 for the nonwoven fabric 
(C) were layered on upside and downside, respectively and then 
subjected to the needling and thereafter under the same 
conditions to prepare a two-layered nonwoven fabric (B) of 2 . 5 
mm thickness which is the fiber structure of the present 
invention. Those nonwoven fabrics (A) , (B) and (C) were cut 
and sown to prepare insoles for shoes. 

[0061] Three male adult panelists were selected and each 
of them was supplied with three sets of new shoes (made of 
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Kurarino, a synthetic leather) and each one set of insoles of 
(A) , (B) and (C) . Every weak, both shoes and insoles were 
exchanged and a test was conducted for three weeks. Result 
of the test is shown in Table 5. 

[0062] 

[Table 5] 
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[0063] The insoles of (A) and (B) which are the fiber 
structures of the present invention had almost no sweaty feel 
as compared with the insoles (C) of the comparative example 
and, further, did not show any unpleasant feel due to wetting 
of the socks at all. Still further, smell of the shoes after 
use was very little whereby very comfortable property was 
available. This is due to the fact that the fiber structure 
comprising the fiber of the present invention has excellent 
moisture-absorbing rate and water-absorbing property and also 
has an excellent antibacterial property and the structure is 
well suitable for the use of insoles and coverings . In addition, 
by taking its characteristic of very high deodorizing rate for 
ammonia, the fiber structure of the present invention is able 
to be applied to goods for health and hygiene represented by 
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diaper cover, pad for incontinence, toiletries and filters as 
well as products for cleaning of water and air. Moreover, the 
fiber structure by modification of design for manufacturing 
method, mixing rate, mixing partner and combining method of 
the nonwoven fabric is also suggested by the usefulness of 
containing the fiber No. 3 of the present invention. 
[0064] Example 7 

Pile yarn comprising 100% of acrylic fiber (meter count 
2/28" of a mixture containing Exlan K 691 [3 d x 70] and Exlan 
K 89 [3 d x 64] in 60/40 was dyed by a conventional method using 
a twisting dyeing machine and subjected to a softening 
treatment) and polyester yarn (Interlace 150 d/34 f ) were used 
as raw yarns and woven by a conventional method using a knitting 
bore weaving machine and then subjected to dividing, polishing 
and cutting treatments to prepare a pile knitted fabric of 6 
mm pile length and basis weight of 400 g/m 2 . On the other hand, 
50% by weight of the fiber No. 3 (1.8 d x 48 mm) of the present 
invention prepared in Example 1 and 50% by weight of a hollow 
polyester fiber (3 d x 51 mm) were used and subjected to a 
preliminary opening using a cotton mixing machine followed by 
subjecting to a roller card to prepare a card web which is the 
fiber structure of the present invention. The web mixed with 
the fiber of the present invention was used as filling cotton 
to prepare a stuffed toy . 

[0065] The above stuffed toy was provided to each of five 
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lady panelists and subjected to a using test by means of 
questionnaires and, as a result, there were found interesting 
properties such as that it becomes warm when held in arms and 
is comfortable, that it is comfortable when used as a substitute 
for a pillow and that it has a refreshing f eel . This is 
presumably due to the contribution of the moisture-absorbing 
and heat generating properties of the fiber of the present 
invention via perceived or non-perceived sweat from the hand 
or the skin and it is understood that the product is well 
suitable in a fiber structure as interior cotton or stuffed 
cotton. Besides the above, the fiber structure of the present 
invention also has the functions of pH buffering property, 
antibacterial property, deodorizing property to ammonia, etc. 
whereby it is suggested that the structure is able to be 
utilized as interior cotton for bedclothes, interior cotton 
for pillows, interior cotton for cushions and interior cotton 
for antiperspirant pad. 
[0066] Example 8 

From the fiber No. 3 of the present invention, a card 
web sheet (A) of 100 g/m 2 basis weight and 3 mm thickness was 
prepared by the same method as in the case of the nonwoven fabric 
(A) of Example 6. A highly water-absorbing fiber sheet (C) 
in the same basis weight and thickness was prepared using a 
highly water-absorbing fiber (Ranshiru manufactured by Nippon 
Exlan Kogyo K. K. ) . Further, a water-absorbing polymer ((B) 
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comprising a partially cross-linking product of polyacrylic 
acid) and a gauze fabric (D) comprising 100% of cotton were 
prepared. They were layered in the order of D, A, B, C and 
D from the top to prepare a cross-stitch layered structure which 
is a fiber structure of the present invention. A 0 . 5% by weight 
aqueous solution of ammonia (4 cc) was absorbed with the upper 
side of the absorbing structure in a size of 5 cm 2 , then the 
structure was dipped in 100 cc of distilled water and pH was 
measured. The pH value was 6.5. Even after absorption of 
ammonia, there was no smell and the fact that the pH was stable 
as such shows that the product has an excellent buffering 
property. 

[0067] 

[Advantages of the Invention] 

In accordance with the present invention, it is now 
possible to provide a temperature-adjustment and 
moisture-adjustment balanced fiber having many functions such 
as health, comfort, safety, hygiene and easy care properties 
or, in other words, a fiber having conditioning functions . The 
temperature-adjusting and moisture-adjusting functions of the 
present invention is able to be achieved if and when the 
saturated moisture-absorbing rate at 20°C and 65% RH is 15 to 
35% by weight and moisture-absorbing and desorbing speed 
constant is within a specific range. In addition, the fiber 
of the present invention has nearly all adjusting functions 
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such as pH buffering property, flame retarding property, 
antibacterial property, antistatic property, deodorizing 
property, anti-pilling property, water-retaining property, 
water-sucking property and easy drying and, as compared with 
the conventional natural fibers and synthetic fibers, various 
significant functions are available. Moreover, the fiber of 
the present invention also has a significant effect of mixed 
spinning with various fibers and is able to be widely used in 
various processing and using fields. 

[0068] Thus, due to cooperation with other partner 
material, a fiber structure containing not less than 10% by 
weight of the fiber of the present invention is able to well 
achieve the functions even when the using amount of the fiber 
of the present invention is small or is further able to achieve 
other functions whereby a lot of final products are provided. 

[0069] Examples thereof are use as clothing contacting 
to the skin such as underwear, lingerie, pajama, clothing for 
suckling, girdle, brassiere, socks/stockings, tights, leotard 
and trunks and use as inner and outer clothing such as sweater, 
sweat shirts, suits, sportswear, scarf, handkerchief, muffler, 
artificial fur and clothing for suckling. Examples of the use 
as bedclothes and house decorations are floor covering such 
as carpet and mattress, blanket, curtain, bedclothes, sheets, 
interior cotton and filling cotton and examples of other uses 
are filter, adsorbent, supporter, stuffed toy, bandage, 
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styptic material and attachment for protection of wound. In 
order to actively utilize the excellent pH buffering property 
which is the characteristic feature of the fiber of the present 
invention, it is recommended to use the fiber as clothing 
contacting to the skin or as diaper, diaper cover, sanitary 
goods, etc. 

Brief Description of the Drawings 

Fig. 1 shows moisture-absorbing speed curves of various 
fibers . 

Fig. 2 shows moisture-desorbing speed curves of various 
fibers . 

Fig . 3 shows adsorption heat generating and heat 
releasing curves of various fibers. 

Fig. 4 shows changes in humidity in the fiber with lapse 
of time. 

Fig. 5 shows changes in temperature in the fiber with 
lapse of time. 

Fig. 6 shows isothermal moisture-absorbing curves of 
fibers . 

Fig. 7 shows changes in temperature in the blanket with 
lapse of time (a) and changes in humidity in the blanket with 
lapse of time (b) . 
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Fig, 1 




Fig. 2 
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Fig. 3 
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Fig. 4* Changes in humidity in the fiber with elapse of time 
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Fig. 7 
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